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INSPECTOR GENERAL
DEPARTMENT OF DEFENSE
400 ARMY NAVY DRIVE
ARLINGTON, VIRGINIA 22202-2884

June 18, 1991

MEMORANDUM FOR ASSISTANT SECRETARY OF DEFENSE (PROGRAM ANALYSIS

AND EVALUATION)

ASSISTANT SECRETARY OF THE ARMY (FINANCIAL
MANAGEMENT )

ASSISTANT SECRETARY OF THE NAVY (FINANCIAL
MANAGEMENT)

ASSISTANT SECRETARY OF THE AIR FORCE (FINANCIAL
MANAGEMENT AND COMPTROLLER)

DIRECTOR, DEFENSE LOGISTICS AGENCY

SUBJECT: Report on the Audit of Suppression Systems for the
AH-1 Helicopter and OV-1 Aircraft, and the AN/ALQ-144
Jammer for Helicopters (Report No. 91-099)

We are providing this final report for your information and
use. Comments on a draft of this report were considered in
preparing the final report. We performed the audit from January
through August 1990 in response to a DoD Hotline complaint.

Defensive infrared countermeasures systems were not always
effectively employed to protect combat and combat support
helicopters. The Army did not always install missile detection
systems, and the Navy and Marine Corps did not install infrared
suppression systems or upgrade existing infrared jammers. The
AN/ALQ-144 Infrared Jammer experienced premature bearing failures
because of protracted periods of jammer disuse and the failure of
unit personnel to adhere to recommended operation and maintenance
procedures. Army military intelligence unit commanders did not
install the Louvered Scarfed Shroud Suppression system on the
OV-1 Mohawk aircraft because of concerns stemming from
suppression system induced buffeting, or aircraft vibration. On
November 2, 1990, we issued Quick-Reaction Report No. 91-008,
which focused on a pending improper payment to a contractor for a
$5 million share in savings stemming from a value engineering
change proposal.

DoD Directive 7650.3 requires that all audit recommendations
be resolved promptly. Therefore, the Assistant Secretary of the
Army (Financial Management), the Assistant Secretary of the Navy
(Financial Management), and the Assistant Secretary of the Air
Force (Financial Management and Comptroller) must provide final
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comments on the unresolved recommendations by August 14, 1991.
See the "Status of Recommendations" section at the end of each
finding for the unresolved recommendations and specific
requirements for your comments.

The courtesies extended to the audit staff are
appreciated. If you have any questions on this audit, please
contact Mr. Thomas Corkhill at (703) 614-1416 (DSN 224-1416).
Copies of this report are being provided to the activities listed
in Appendix E.

AT Y ¢ AW
Robert J./Lieberman
Assistant Inspector General

for Auditing

Enclosure

cc:

Secretary of the Army
Secretary of the Navy
Secretary of the Air Force



Office of the Inspector General

AUDIT REPORT NO. 91-099 JUNE 18, 1991
(Project No. OAL-8004)

ACQUISITION OF SUPPRESSION SYSTEMS FOR THE AH-1 HELICOPTER

AND OV-1 AIRCRAFT, AND THE AN/ALQ-144 INFRARED JAMMER

FOR HELICOPTERS

EXECUTIVE SUMMARY

Introduction. Defensive infrared countermeasures systems are
integral to the survival of combat and combat support aircraft in
the modern battlefield environment. DoD studies have concluded
that 90 percent of the aircraft losses resulting from hostile
fire from 1975 through 1985 were attributable to infrared seeking
missiles. A number of countermeasures systems exist that combine
to reduce the vulnerability of aircraft to threats stemming from
weapon systems that use infrared guidance technology.
Suppression systems, jammers, and missile detection systems are
complementary countermeasures systems and are important to ensure
optimal protection of aircraft from the infrared seeking threat.

Objectives. The overall audit objective was to evaluate the
design adequacy of the Hot Metal Plus Plume Suppression system
for the AH-1 Cobra helicopter, the Louvered Scarfed Shroud
Suppression system for the OV-1 Mohawk aircraft, and the AN/ALQ-
144 Infrared Jammer for a variety of lift helicopters. Also, we
evaluated the adequacy and sufficiency of internal controls
related to the three systems.

Audit Results. Our audit disclosed four reportable conditions.

o Defensive countermeasures systems were not always
effectively employed to protect combat and combat support
helicopters. As a result, the helicopters were vulnerable to the
infrared seeking threat (Finding A).

o The AN/ALQ-144 Infrared Jammer experienced premature
bearing failures. As a result, the Jammer's reliability was
severely degraded, which increased aircraft vulnerability to
infrared seeking threats and reduced the probability of mission
success (Finding B).

o Army military intelligence unit commanders did not
install the Louvered Scarfed Shroud Suppression system on the
OV-1 Mohawk aircraft. As a result, the aircraft were wvulnerable
to infrared seeking threats (Finding C).
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o On November 2, 1990, we issued Quick-Reaction Report
No. 91-008, "Contracting Procedures for the Hot Metal Plus Plume
Suppression System Used on the AH-1 Helicopter." That report is
discussed in the "Other Matters of Interest" section of Part I.

Internal Controls. We identified an internal control weakness
regarding the failure of unit personnel to adhere to established
operation and maintenance procedures. This weakness is discussed

in Finding B. Our review of the internal controls is discussed
in Part I.

Potential Benefits of Audit. The principal benefits that will be
realized from the audit are improvements in the protection of
aircraft from the current infrared seeking threat. Also,
undeterminable monetary benefits will be realized from improved
operation and maintenance procedures of the AN/ALQ~144 Infrared
Jammer. These monetary benefits are discussed in Appendix C.

Summary of Recommendations. We recommended enhancement of the
defensive countermeasures capability, institution of procedural
controls, and revision of the training program.

Management Comments. The Army and Navy were generally responsive
to the recommendations, but additional data were required. The
Air Force did not reply to the draft report. The Army concurred
with two recommendations and nonconcurred with two other
recommendations. We requested additional comments from the Army
on recommendations in Findings A and C. The Navy concurred with

two recommendations and nonconcurred with two other
recommendations. We have requested additional comments from
the Navy on the recommendations in Findings A and B. We

requested that the Air Force provide comments on recommendations
in Finding B. The complete texts of Army and Navy comments are
in Part IV of the report.
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PART I - INTRODUCTION

Background

Defensive infrared countermeasures systems are integral to the
survival of combat and combat support aircraft in the modern
battlefield environment. These countermeasures systems protect
aircraft from weapon systems that use infrared technology. These
systems are collectively referred to as the infrared
countermeasures suite. Two of the infrared countermeasures
systems used on Army aircraft are the Hot Metal Plus Plume
Suppression system, which is installed on the AH-1 Cobra
helicopter, and the Louvered Scarfed Shroud Suppression system,
which is installed on the twin engine OV-1 Mohawk fixed wing
aircraft. These systems increase aircraft survivability by
reducing the opportunity for an infrared seeking threat system to
acquire, lock onto, track, and destroy the aircraft.

. The suppression systems reduce the aircraft's heat signature by
recirculating hot engine exhaust gases within the suppressor core
and mixing the heated gases with ambient air before discharging
the exhaust into the atmosphere. The suppression systems are
similar to a muffler in an automobile's exhaust system. The
suppressed exhaust reduces the aircraft's heat signature, which
in turn reduces the target acquisition range and angle of heat
sensitive infrared sensors used to guide the missile to the
aircraft's heat source. Although other countermeasures systems
exist, the suppression systems on many aircraft are the backbone
of the countermeasures systems because they make it possible for
the other active infrared countermeasures systems to function
more effectively.

The AN/ALQ-144 Infrared Jammer is an active, electromechanical,
infrared countermeasures system that is used on a variety of
Service helicopters. The Infrared Jammer is an omnidirectional,
continuously operating, signal generating transmitter that mounts
on the helicopter airframe. The Infrared Jammer emits spurious
and erroneous signals to confuse the infrared seeking threat
systems. The effectiveness of the Infrared Jammer depends on its
ability to overload the threat system's infrared sensors or
generate conflicting signals of sufficient frequency and
magnitude to inject erroneous guidance commands into the threat's
guidance system,

Missile detection 1is another important countermeasures system
that activates decoys, such as chaff or flares, and alerts pilots
of an approaching missile. The warning may also give the pilot
the opportunity to initiate evasive action.




Objectives

The overall audit objective was to evaluate the design adequacy
of the Hot Metal Plus Plume Suppression system for the AH-~1 Cobra
helicopter, the Louvered Scarfed Shroud Suppression system for
the OV~1 Mohawk aircraft, and the AN/ALQ-144 Infrared Jammer for
various Service helicopters. Also, our objective included
determining the validity of statements contained in four Hotline
complaints and whether any of the allegations warranted further
management attention. On November 16, 1990, we issued a Hotline
completion report that focused on the 21 allegations identified
in the 4 complaints. Our Hotline completion report is summarized
in Appendix A.

Specifically, we evaluated various aspects of the Suppression
systems and the Infrared Jammer including:

o system design (all three systems);

o threat compared to system requirements (AN/ALQ-144
Infrared Jammer);

o reliability, availability, and maintainability (all
three systems);

o contract procedures (Hot Metal Plus Plume Suppression
system and AN/ALQ-144 Infrared Jammer); and

o stock management (Hot Metal Plus Plume Suppression
system).

Our audit disclosed four reportable conditions. Three of these
are described in Part II of this report. The fourth condition
was reported in Quick-Reaction Report No. 91-008, "Contracting
Procedures for the Hot Metal Plus Plume Suppression System Used
on the AH-1 Helicopter." Other observations and conclusions are
summarized in Appendix B.

Scope

This program audit was conducted from January through
August 1990 and included a review of records and supporting
information dating primarily from 1982 through 1990. We
interviewed cognizant Government and contractor personnel and
personnel involved in the management, maintenance, acquisition,
operation, testing, and support of the Hot Metal Plus Plunme
Suppression system, the Louvered Scarfed Shroud Suppression
system, and the AN/ALQ-144 Infrared Jammer. The audit was made
in accordance with auditing standards issued by the Comptroller
General of the United States, as implemented by the Inspector
General, DoD, and accordingly included such tests of internal
controls as were deemed necessary. A list of the activities
visited or contacted is in Appendix D.




Internal Controls

We evaluated internal control procedures related to the
management of the Hot Metal Plus Plume Suppression system, the
Louvered Scarfed Shroud Suppression system, and the AN/ALQ-144
Infrared Jammer. In assessing the internal controls, we
evaluated internal control techniques, such as management plans,
written policies and procedures, and management initiated
reviews. The audit identified material internal control
weaknesses as defined by Public Law 97-255, Office of Management
and Budget Circular A-123, and DoD Directive 5010.38. Controls
were not effective to ensure that the operation and maintenance
procedures for the AN/ALQ-144 Infrared Jammer were being
followed. Recommendations B.l. and B.2. in this report, if
implemented, will correct the weaknesses. We could not determine
the monetary benefitsg to be realized by implementing
Recommendations B.l. and B.2. The monetary benefits were not
readily identifiable because the Infrared Jammer had not been
sufficiently used to establish an accurate reliability
baseline. A copy of this report will be provided to the senior
officials responsible for internal controls within each of the
Military Departments.

Prior Audit Coverage

There have not been any prior audits of the Hot Metal Plus Plume
Suppression system, the Louvered Scarfed Shroud Suppression
system, or the AN/ALQ-144 Infrared Jammer in the last 5 years.
However, there were inquiries and reviews conducted that
pertained to specific aspects of the three systems.

Army Inspector General inquiries. There have Dbeen
four Hotline complaints concerning the Hot Metal Plus Plume
Suppression system and AN/ALQ-144 Infrared Jammer. The DoD
Hotline referred these complaints to the Army Inspector General
for inguiry. The complaints were received between December 1988
and December 1989, and the Army examining officials found that
all the allegations were unsubstantiated. The same allegations
were reviewed again in conjunction with this audit and found to
be unsubstantiated. The results of our review are contained in
Appendix A,

Army Materiel Command review. In April 1989, an Army
Materiel Command review team conducted an independent review of
the sole source acquisition of the AN/ALQ-144A Infrared Jammer.
The results of the review reaffirmed the Communications-
Electronics Command's acquisition strategy. In April 1989, the
Army Materiel Command issued a memorandum to the Under Secretary
of the Army, which concluded that the planned sole source
acquisition of the AN/ALQ-144A Infrared Jammer was proper and in
the Army's best interest.




General Accounting Office protest. On June 16, 1989, the
General Accounting Office issued a decision denying a protest of
the proposed award of the sole source AN/ALQ-144A Infrared Jammer
contract. The General Accounting Office held that the award was
valid and appropriate because only a prototype of the AN/ALQ-144A
had been developed and delivered, development was not complete,
drawings suitable for manufacture were not available, and the
protesting contractor was not a viable additional contractor.

Other Matters of Interest

On November 2, 1990, we issued Quick-Reaction Report No. 91-008,
which focused on a pending improper payment to a contractor for a
$5 million share in savings stemming from a value engineering
change proposal. We concluded that the payment would have been
improper because the Army had already paid for the development of
the changes. The Army agreed with our recommendation and
implemented the appropriate corrective action.




PART II - FINDINGS AND RECOMMENDATIONS

FINDING A. THREAT COMPARED TO SYSTEM REQUIREMENTS

Defensive infrared countermeasures systems were not always
effectively employed to protect combat and combat support
helicopters. This occurred because the Army did not always
install missile detection systems, and the Navy and Marine Corps
did not install suppression systems or upgrade existing Infrared
Jammers. As a result, some combat and combat support helicopters
could be exposed to infrared directed threat systems against
which they have only limited effectiveness.

DISCUSSION OF DETAILS

Background

Evolving technology in weapons development has necessitated the
continual upgrade of aircraft survivability systems to counteract
the emerging sophistication of infrared seeking weapon systems.
The principal infrared threat to helicopters and other slow
moving combat and combat support aircraft is ground based
infrared seeking surface-to-air missiles. Portable, shoulder
fired infrared seeking missiles proliferate the global ground
forces' structure and represent a formidable threat to close air
support aircraft. Aircraft survivability depends upon a variety
of countermeasures systems to protect the aircraft from the
infrared seeking threat. Typical infrared countermeasures
systems include infrared suppression systems to reduce the
aircraft's heat signature, infrared jammers to confuse the
threat, and missile detection systems to decoy the threat away
from the target aircraft and to warn the pilot of approaching
missiles.

Infrared Suppression Systems

Most infrared seeking threat systems must acquire, or lock onto,
the target before they can be launched. Infrared suppression
systems reduce the aircraft's infrared heat signature and present
a smaller, 1less distinctive infrared target to the threat
system's heat seeking infrared sensors. The suppression system
reduces the effective range of infrared seeking threat systems by
reducing the distance and angle that the infrared sensors are
able to detect .the aircraft. Suppression systems provide
continuous protection, and because they are passive (nonsignal
emitting) and made up of nonmoving parts, they are not prone to
mechanical failures. Although suppression systems alone are not
sufficient to defeat the infrared seeking threat, extensive
operational tests have demonstrated that suppression systems are
required for other defensive countermeasures systems to function




more effectively. The Army used suppression systems on its
combat and combat support helicopters, but the Navy and Marine
Corps did not use them. The Navy and Marine Corps relied on
alternative countermeasures systems to protect their helicopters,
but the level of protection offered by the other systems was
inadequate.

Army implementation. The Army installed infrared
suppression systems on combat and combat support helicopters.
The Army Project Manager for Aircraft Survivability Equipment
stated that suppression systems are critical to the survival of
helicopters in the modern battlefield environment. Army tests
conducted with helicopters using various combinations of
countermeasures systems demonstrated consistent success only when
a suppression system accompanied the use of other countermeasures
systenms. Conversely, some tests demonstrated that the other
countermeasures systems were ineffective without the suppression
system. We agreed with the Army assessment that suppression
systems were essential to the survivability of helicopters
exposed to infrared seeking threat systems.

Navy and Marine Corps implementation. The Navy and Marine
Corps did not use infrared suppression systems on combat and
combat support helicopters. Thig policy was based on the
perceived ability to adequately protect the helicopters by
employing other countermeasures systems, the mission of Navy and
Marine Corps helicopters, and the additional weight and power
loss imposed when the suppression systems were installed.

The Navy and Marine Corps relied on the AN/ALQ-144 Infrared
Jammer and decoy devices to protect combat and combat support-
helicopters. Historically, those countermeasures systems have
been adequate. However, the threat assessment promulgated in
1988 addressed a new generation of more sophisticated infrared
seeking threat technology that was less susceptible to existing
countermeasures systems. The current infrared seeking threat
significantly reduced the effectiveness of the existing Navy and
Marine Corps countermeasures systems. Operational tests using
the 1988 threat technology demonstrated that suppression systems
were essential and must be augmented by other countermeasures
systems to effectively protect the helicopters from the infrared
seeking threat.

Navy and Marine Corps officials indicated that the additional
weight of the suppression system, coupled with the power loss
accompanied by installation of a suppression system, was a factor
in deciding not to install infrared suppression systems on the
combat and combat support helicopter fleet. The estimated
additional gross weight of the suppression systems is about
110 pounds, while the power loss resulting from installation of
suppression systems is about 1.5 percent of the total available
power. Further, the officials stated that Navy and Marine Corps
helicopters were principally operated over water and were not
vulnerable to the same ground based threat as the Army




helicopters. The officials stated that the Marine Corps did
attempt to install suppression systems on certain combat
helicopters, but the project was curtailed because of
insufficient funding. The Navy and Marine Corps mission may have
reduced the helicopter's exposure to the threat, but the mission
did not reduce the helicopter's vulnerability to the threat.

Infrared Jammer

The AN/ALQ-144 Infrared Jammer emits spurious and erroneous
signals to confuse the infrared seeking threat's guidance
system. The Infrared Jammer was effective against the early
generation of infrared seeking threat systems, but advancements
in the threat systems' technology reduced the effectiveness of
the Infrared Jammer and degraded its ability to protect
helicopters. Army operational tests concluded that the AN/ALQ-
144 Infrared Jammer was not effective in counteracting certain
aspects of the infrared seeking threat technology that existed at
the time of our review. The same operational tests demonstrated
that the newly developed Infrared Jammer, the AN/ALQ-144A
Infrared Countermeasures Set, was effective against all known
threat systems when it was used in conjunction with an infrared
suppression system. The Army adequately upgraded its helicopters
with the AN/ALQ-144A Infrared Jammer, but the Navy and Marine
Corps rejected the upgrade. As a result, their helicopters were
not adequately protected from the infrared seeking threat.

Army implementation. The Army was the lead Service in the
development of the AN/ALQ-144 Infrared Jammer and its AN/ALQ-144A
replacement. The Army has upgraded Army combat and combat
support helicopters with the AN/ALQ-144A Infrared Jammer. The
Army's implementation was timely and responsive to the change in
the infrared seeking threat.

Navy and Marine Corps implementation. The Navy and Marine
Corps officials did not upgrade existing AN/ALQ-144 Infrared
Jammers with the AN/ALQ-144A model. A scientist at the Naval
Research Laboratory stated that any decision to upgrade with
the AN/ALQ-144A without installing suppression systems as well
would be based on political or economic considerations because
the AN/ALQ-144A Infrared Jammer without a suppression system
could not adequately protect the helicopters from the current
infrared seeking threat. At the time of our audit, the Naval
Research Laboratory was conducting tests that may result in a
revised Navy and Marine Corps position. Until the Navy and
Marine Corps upgrade the AN/ALQ-144 Infrared Jammer with the
AN/ALQ-144A model and accompany the upgrade with the installation
of infrared suppression systems, Navy and Marine Corps
helicopters will be vulnerable to the current infrared seeking
threat.




Missile Detection Systems

Missile detection systems, when used in conjunction with chaff
~and flare dispensers, enhance the survivability of helicopters by
ejecting decoys that mimic the aircraft's infrared signature.
When an approaching missile is detected, the dispenser ejects
either flares or chaff to lure the missile away from the
aircraft. Although suppression systems and Infrared Jammers are
able to adequately protect most helicopters, such protection is
not absolute. Additionally, missile detection systems alert the
pilot to the imminent threat and enable the pilot to initiate
evasive action. The Army did not use missile detection systems
to enhance the protection afforded by other countermeasures
systems. The Navy and Marine Corps relied on missile detection
systems as the principal countermeasures systems.

Army implementation. The Army did not install missile
detection systems on most combat and combat support
helicopters. Army officials indicated that missile detection
systems are included in future plans, but funding does not exist
to install missile detection systems. The project manager for
aircraft survivability equipment stated that adequate protection
exists, there is no requirement for missile detection systems,
and missile detection systems are not essential to the
survivability of Army helicopters. While the missile detection
systems may only marginally increase the level of protection on
some helicopters, they do afford additional protection in the
form of chaff and flare decoys, and they alert the pilot to the
presence of an imminent threat.

Navy and Marine Corps implementation. The Navy and Marine
Corps did use missile detection systems that were augmented with
flare and chaff dispensers. They relied on the missile detection
system and the AN/ALQ-144 Infrared Jammer as the primary
protection from the threat. The missile detection systems were
not an adequate substitute for the use of other available
countermeasures systems. For missile detection systems to be
effective, the infrared signature of the helicopter should be
reduced by a suppression system, and the tracking capability of
the infrared seeking threat system should be impaired by an
Infrared Jammer.

Summary

The intelligence community validated the current infrared seeking
threat in 1988. The threat was common to all Services. However,
differing philosophies existed among the Services concerning the
importance of employing the full complement of available
countermeasures systems to counteract the threat. The Army did
use countermeasures systems that provided an adequate level of
protection, but it did not install missile detection systems.
The Navy and Marine Corps did not wuse suppression systems and




did not upgrade the AN/ALQ-144 Infrared Jammers with the
AN/ALQ-144A, which did not adequately protect its helicopters
from the current infrared seeking threat. The Air Force did
employ the full complement of available countermeasures
systems. The wuse of the full complement of defensive
countermeasures systems, including infrared suppression systems,
AN/ALQ-144A Infrared Jammers, and missile detection systems with
a chaff and flare dispenser are necessary to provide optimum
protection and to increase aircraft survivability. None of the
countermeasures systems can individually protect Service
helicopters from the infrared seeking threat. The use of the
full complement of countermeasures systems lessens the
opportunity for an infrared seeking threat system to exploit the
vulnerabilities of any of the component countermeasures systems.

RECOMMENDATIONS, MANAGEMENT COMMENTS, AND AUDIT RESPONSE

1. We recommend that the Assistant Chief of Naval
Operations (Air Warfare):

a. Install infrared suppression systems on combat and
combat support helicopters to reduce the infrared signature and
to increase the effectiveness of other infrared countermeasures
systens.

Navy comments. The Assistant Secretary of the Navy
(Research, Development and Acquisition) concurred with
exception. His comments stated that, "Within real world
budgetary constraints, the recommendation to install infrared
suppressors on USMC/USN combat helicopters is valid and will be
pursued. However, the requirement for suppressors (increased
weight and reduced engine power) on USN combat support aircraft
who face a greatly reduced threat is not justifiable. In this
case, the defensive electronic countermeasure equipment already

employed is adequate." The full text of the Navy's comments is
in Part IV of the report.

Audit response. We believe that our recommendation is
valid. In subsequent discussions, Navy officials
stated that they considered training squadrons and
intership vertical replenishment aircraft as combat
support aircraft, and the remainder were combat
aircraft. Based on the Navy's definition, aircraft we
considered as combat support would in most instances be
classified as combat aircraft. Based on the Navy's
definition of combat support aircraft, the Navy's
comments to our recommendation were responsive.
However, the comments did not include an estimated date
for completion of the corrective action. Therefore, we
request that the Navy provide completion dates.




b. Upgrade the AN/ALQ-144 Infrared Jammers with the
AN/ALQ-144A Infrared Countermeasures Set- to provide adequate
protection from the current infrared seeking threat.

Navy comments. The Assistant Secretary of the Navy
(Research, Development and Acquisition) concurred with the
recommendation stating the Navy is presently reviewing all
programs in the area of applicability on Navy and Marine
aircraft.

Audit response. The Navy concurred with our
recommendation, but its response did not satisfy the
requirements of DoD Directive 7650.3. The Navy

response did not identify the planned corrective
actions and estimated dates for completion of the
actions. We request that the Navy provide these data
in response to the final report.

2. We recommend that the Commander, U.S. Army Training and
Doctrine Command, reevaluate the need for missile detection
systems with automatic chaff and flare dispensers to release

decoy devices and alert pilots to the presence of an imminent
threat.

Army comments. The Assistant Secretary of the Army
(Research, Development and Acquisition) nonconcurred with the
recommendation. The Army stated that analysis of the requirement
has been completed, and the Army will install the missile
detector only on the EH-60, CH-47D, MH-60L, HM-47E, and RC-12K
aircraft. The complete text of the Army's comments is in Part IV
of the report.

Audit response. The Army's position to selectively
employ the full complement of available defensive
infrared countermeasures systems to protect some
special mission aircraft, while employing less than the
full suite of available defensive countermeasures
systems to protect most of the combat and combat
support helicopters is 1inconsistent. All Army
helicopters are susceptible to the same infrared
seeklng threat. For example, the AN/AAR-47 Missile
Warning System has demonstrated that it can increase
the survivability of Army helicopters under a variety
of threat conditions. Our conclusion that an infrared
suppressor and an AN/ALQ-144A were adequate to protect
aircraft from the infrared seeking threat is not
vacated by our further recommendation that the missile
detection system be incorporated into the defensive
countermeasures suite. The intent of our
recommendation was to increase the margin of safety and
introduce redundant protection in the event of a Jammer
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Number

A.l.a.
A.llb.

A.2.

failure. The current Army philosophy does not consider
the serious degradation of protection that will
accompany the operational 1loss of the AN/ALQ-144A
Infrared Jammer. We still believe that our
recommendation is wvalid and request that the Army
reconsider its position in its response to the final
report.

STATUS OF RECOMMENDATIONS

- Response should cover:

Concur ' Proposed Completion
Addressee Nonconcur Action Date
Navy X
Navy X X
Army X X X
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FINDING B. RELIABILITY OF THE AN/ALQ-144 INFRARED JAMMER

The AN/ALQ-144 Infrared Jammer experienced premature bearing
failures. The bearing failures were caused by extended periods
of disuse and the wunit personnel's failure to adhere to
recommended operation and maintenance procedures. As a result,
the AN/ALQ-144 Infrared Jammer's reliability was severely
degraded, which reduced the probability of mission success and
increased aircraft vulnerability to infrared seeking threats.

DISCUSSION OF DETAILS

Bearing failure analysis. In 1988, the Army initiated a
failure analysis 1in response to premature AN/ALQ-144 bearing
failures experienced during the Lead-the-Fleet Test Program at
Fort Rucker, Alabama, and bearing corrosion on systems deployed
to Army units in Germany. On December 12, 1988, the resulting
report disclosed that the failed systems were produced during the
initial production contract in 1979 and had been in the Army's
inventory since 1980, but each of the failed systems had been
operated less than 90 hours in 8 years. The low operating hours
indicated the systems were not being operated during aircraft
missions, as required by the operation manual. The analysis
concluded that any systems retained in storage or not operated
for extended periods of time were susceptible to premature
bearing failure. The systems were susceptible to failure because
the grease used in the bearings had a shelf life of approximately
2 years, after which it lost its lubricating properties through
oil migration. The extended period of nonoperation caused the
premature failures. Additionally, the report concluded that when
the AN/ALQ-144 was exposed to prolonged adverse weather
conditions, such as wind driven rain, or washed with cleaning
liquid, water seeped into the bearings and caused corrosion. The
report recommended that the Jammers be operated and maintained
according to the prescribed procedures and that the Infrared
Jammer be kept covered when not in use.

Operation and maintenance procedures. Operation and
maintenance procedures to preclude early bearing failure and
corrosion are explicitly detailed in the maintenance and

operation manuals for the AN/ALQ-144 Infrared Jammer. The Army
and Navy Operators and Aviation Unit Maintenance Manuals,
TM11-5865-200-12 and NAVAIR16-35ALQ144-1, respectively, require
that the Infrared Jammer be operated during aircraft missions.
Further, the Manuals specify that a minimum weekly preventative
maintenance check be completed by operating the Infrared Jammer
and that protective covers be placed on Infrared Jammers that
were mounted on aircraft.

13




Compliance with maintenance procedures. We visited
three locations and obtained usage information £from another
three locations with assigned aircraft having AN/ALQ-144 Infrared
Jammers. We reviewed the operational hours accumulated on the
elapsed time indicators for 179 AN/ALQ-144 Infrared Jammers at
the 6 locations. The average accumulated operational usage time
for the 179 Infrared Jammers was 61 hours per Jammer. If the
Jammers had been operated as required during aircraft missions,
the Jammers should have accumulated significantly greater
usage. We did not attempt to determine the dates the
179 Infrared Jammers were manufactured or the expected usage if
the Infrared Jammers had been operated as required, but the
AN/ALQ-144 Infrared Jammers have been fielded since 1980. The
unusually low operating time indicated that the AN/ALQ-144
Infrared Jammers were not being operated as prescribed in the
Manuals. Further, interviews with activity personnel confirmed
that the Infrared Jammers were not being operated during flight
or maintained at weekly intervals, and that the protective covers
were not always installed, as required. At one activity, we
noted the protective covers were installed on the Infrared
Jammers. We were informed that the AN/ALQ-144 Infrared Jammers
were covered 1in anticipation of the auditors' visit. The
operation and maintenance procedures are important and must be
followed to ensure that the Infrared Jammer's reliability is not
reduced.

Summary. The AN/ALQ-144 Infrared Jammer requires frequent
operation to retain the integrity of the bearings. In
two instances, irregular and infrequent usage coupled with a
failure to adhere to prescribed weekly maintenance procedures
contributed to bearing failures that rendered the Infrared Jammer
inoperative. The Infrared Jammers were reliable when the
procedures were followed. Premature failure of the Infrared
Jammer in a threat environment will result in an immediate
vulnerability and could cause a catastrophic mission failure and
loss of the aircraft.

RECOMMENDATIONS, MANAGEMENT COMMENTS, AND AUDIT RESPONSE

We recommend that the Army Deputy Chief of Staff for Operations
and Plans; the Assistant Chief of Naval Operations (Air Warfare);
and the Commander, Air Force Logistics Command, issue

supplemental guidance to ensure:

1. Operation and maintenance of AN/ALQ-144 Infrared
Jammers according to the operation and maintenance procedures
specified in TM11-5865-200-12 or NAVAIR16-35ALQl144-1.

Army comments., The Army concurred with the
recommendation and completed the corrective action on
September 30, 1990. A complete text of the Army's comments is in
Part IV of the report.
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Navy comments. The Navy nonconcurred stating that
current directives adequately cover proper operation and
maintenance of equipment. Fleet users utilize proper procedures
to the greatest extent practicable and in accordance with
published directives. Bearings on this system are historically
replaced at 200 hours. Excessive running of the system further
accelerates replacement. A complete text of the Navy's comments
is in Part IV of the report.

Audit response to Navy comments. Our recommendation
focused on whether the proper operational procedures,
as specified in NAVAIR16-35ALQ144-1, were being
followed. Our review disclosed that the Jammers had
low usage. We found only 1 Jammer from a total of 179
reviewed that had more than 200 hours. The AN/ALQ 144
Jammer has been fielded since 1980. These facts do not
support the Navy's contention that Jammers are being
operated as prescribed by the Navy Directive. We
recognize that bearing replacement 1is a routine
maintenance action that occurs at 200 operational hour
intervals. Our concern is that irregular and
infrequent usage will result in catastrophic damage to
the Jammer, as evidenced by the documented premature
failure. We believe that our recommendation is still
valid and accordingly request that the Navy reconsider
its position in its response to the final report.

Air Force comments. The Air Force did not provide

comments.

Audit response to Air Force comments. We request that
the Air Force provide comments to the final report
identifying the planned or corrective actions and the
estimated date for completion of the actions.

2. Proper installation of the protective covers on the
Infrared Jammers that are mounted on aircraft when the aircraft
are not being operated.

Army comments. The Army concurred with the
recommendation and conmpleted the corrective action on
September 30, 1990. A complete text of the comments is contained
in Part IV of the report.

Navy comments. The Navy nonconcurred with the
recommendation stating that the current directives adequately
cover the proper installation of protective covers on the AN/ALQ-
144. A complete text of the comments is in Part IV of the
report.

Audit response to Navy comments. We agree that
existing directives address the proper installation of
the Jammer covers, but our analysis disclosed that the
existing directives were not followed. The Jammers
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the draft

Number

l.

were not being covered at the activities we visited,
which included Navy and Marine Corps locations. We
believe that supplementary guidance is required to
ensure that existing directives are adhered to. We
request that the Navy reassess its position in response
to our final report.

Air Force comments. The Air Force did not respond to
report.

Audit response to Air Force comments. We request that
the Air Force provide comments to the final report
identifying the planned or corrective actions and the
estimated date for completion of the actions.

STATUS OF RECOMMENDATIONS

Response Should Cover:

Concur/ Proposed Completion
Addressee Nonconcur Action Date
Navy X X X
Air Force X X X
Navy X X X
Air Force X X X
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FINDING C. OPERATIONAL EFFECTIVENESS

Army military intelligence unit commanders did not install the
Louvered Scarfed Shroud Suppression system on OV-1 Mohawk
aircraft. Concerns stemming from suppression system induced
buffeting, or aircraft vibration, at or near stall speeds coupled
with the lack of stall warning instrumentation and incomplete
flight manual documentation caused unit commanders to refrain
from installing the suppression system. Further, pilots were not
trained in flying the OV-1 configured with the Louvered Scarfed
Shroud Suppression system. As a result, the aircraft were
vulnerable to infrared seeking threats.

DISCUSSION OF DETAILS

Background. The OV-1 Mohawk is an Army fixed wing, twin
engine aircraft used to gather intelligence for Army forward
combat elements. The OV-1 relies on the AN/ALQ-147 Infrared
Jammer and the Louvered Scarfed Shroud Suppression system to
protect it from infrared seeking threats. The Louvered Scarfed

Shroud Suppression system is an optional defensive
countermeasures system that can be installed when the O0V-1 is
operated in an infrared threat environment. Tests have

demonstrated that ' the suppression system is operationally
suitable and effective, but the addition of the suppression
system ram air scoops increases drag and perturbs the airflow
over the wing surfaces. The airflow disturbance becomes more
pronounced and causes buffeting as the actual airspeed of the
OV-1 approaches to within 5 to 30 knots above the stall airspeed.

ov-1 flight characteristics. The basic design
characteristics of the OV-1 without the Louvered Scarfed Shroud
Suppression system cause the aircraft to begin buffeting at the
threshold of the stall airspeed. OV-1 pilots are trained to
react to the prestall buffeting as the principal symptom that the
aircraft is about to enter a stall, because the aircraft is not
equipped with a stall warning system. The buffeting caused by
the suppression system is not distinguishable from the prestall
buffeting. The suppression system induced buffeting effectively
masks, or covers up, the only indicator available to the pilot
that the aircraft is about to stall.

Suppression system problem. The abnormal flight handling
characteristics associated with the Louvered Scarfed Shroud
Suppression system have been known since 1984, but the Army has
taken no action to reduce or eliminate the buffeting problem. On
September 21, 1989, the Aircraft Survivability Equipment Project
Management Office and the Aviation Systems Command Safety Officer
reviewed the buffeting problems and concluded that the buffeting
did not pose a flight safety concern., However, Army military
intelligence unit commanders did not agree with the conclusions
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reached by the Aviation Systems Command officials and continued
to resist installing the suppression system on operational
aircraft. A product improvement program to include stall warning
instrumentation that would have compensated for the suppression
system adversities was eliminated when the Army canceled the
OV-1 upgrade program in 1990. The upgrade program was canceled
because of budget constraints, and the OV-1 is scheduled for
retirement by 1997.

Stall warning and training required. Field units had not
used the Louvered Scarfed Shroud Suppression system since the
system became operational in 1984. The accumulated flight hours
of suppressor equipped OV-1l's were attributable to flight testing
and evaluation. Pilots encountered buffeting and adverse flight
handling characteristics caused by the Louvered Scarfed Shroud
Suppression system, and they perceived that the buffeting was an
"anomaly" that was inherently dangerous. However, the Army
Aviation Command Safety Office and the Aircraft Survivability
Project Manager concluded that the buffeting did not represent a
flight safety concern because the suppression system induced
buffeting occurred at airspeeds above the stall airspeed. We
interviewed several OV-1 senior instructor pilots and two Grumman
OV-1D test pilots, and they asserted that the Louvered Scarfed
Shroud Suppression system did cause buffeting, but the buffeting
was discomforting rather than inherently unsafe. The pilots also
stated that the modified OV-1 flight characteristics stemming
from the suppression system could be significant. They
recommended that training be established for operation of the
OvV-1 configured with the Louvered Scarfed Shroud Suppression
system. One Grumman test pilot stated that if buffeting could
not be relied on as a warning of impending stall, some other
warning mechanism, such as a stall warning system, should be made
available. The Grumman pilot also stated that the real risk is
that most pilots do not have the training or experience to
anticipate the changed aerodynamic characteristics of the O0OV-1
with the suppressor system installed. No aircraft accidents have
been caused by the suppression system, but unit commanders have
not installed the system on the aircraft.

Operators manual needs revision. We observed that the
flight operators manual that describes the operation and
performance characteristics of the OV-1 equipped with the
Louvered Scarfed Shroud Suppression system was not accurate and
complete. U.S. Army Aviation Systems Command engineers had
approved 24 changes to the flight operators manual during testing
of the OV-1l with the Louvered Scarfed Shroud Suppression system
installed. Of the 24 changes, 7 (29 percent) were not made to
the operators manual. Officials at the Army Aviation School at
Fort Rucker, Alabama, indicated that funding had been removed
from the OV-1 program, and no further changes to the flight
manual were anticipated. - :
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Summary. The Army has recognized the vulnerability of the
OV-1 without the Louvered Scarfed Shroud Suppression system. The
Army has also approved the suppression system and has asserted
that the suppression system is safe. However, it has not
established a training program or published accurate and complete
flight documentation to ensure safe operation of the OV-1 with
the suppression system. In view of the impending retirement of
the OV-1 fleet in 1997 and the absence of further program
funding, we concluded that redesigning the suppression system may
not be practical. We believe alternative solutions, including
installing a stall warning system, updating manuals, and training
would be more cost-effective and would compensate for the
adversities introduced by the Louvered Scarfed Shroud Suppression
system.

RECOMMENDATIONS, MANAGEMENT COMMENTS, AND AUDIT RESPONSE

1. We recommend that the Assistant Secretary of the Army
(Research, Development and Acquisition) restore funding to the
OV-1 Mohawk program to reinstate the acquisition of a stall
warning system.

Army comments. The Assistant Secretary of the Army
(Research, Development and Acquisition) nonconcurred with the
recommendation based on the time required to obtain funding and
the planned retirement of the OV-1 fleet in 1997.

Audit response. The OV-1 is a combat aircraft whose
mission requires that it be protected from the infrared
seeking threat. In our opinion, the stall warning
system is integral to the safe operation of the OV-1
aircraft configured with the Louvered Scarfed Shroud

Suppression system. We request that the Army
reconsider its position in response to the final
report.

2. We recommend that the Commander, U.S. Army Training and
Doctrine Command:

a. Update OV-1 flight manuals to reflect operational
differences covered by the Louvered Scarfed Shroud Suppression
system.

b. Revise the OV-1 flight training program to include use
of the Louvered Scarfed Shroud Suppression system on school
aircraft.
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Army comments. The Assistant Secretary of the Army
(Research, Development and Acquisition) concurred with the
recommendations concerning the flight manuals and pilot
training. The OV-1 flight manual TM55-1510-213-10 was updated to
reflect the operational differences of the Louv<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>